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Summary  Tungsten  nitride  ﬁlms  were  deposited  by  RF  reactive  magnetron  sputtering  using
Tungsten target.  The  ﬁlms  were  subsequently  annealed  under  high  vacuum  at  different  temper-
atures (700—850 ◦C)  for  2  h  each.  The  phase  of  the  ﬁlms  were  obtained  using  X-ray  diffraction.
EDAX and  Nano-indentation  tests  were  carried  out  to  obtain  the  elemental  composition  and
hardness respectively.  XRD  results  of  the  as  prepared  ﬁlm  show  the  formation  of  pure  fcc  W2N
phase and  it  is  stable  up  to  700 ◦C.  Beyond  700 ◦C  mixed  phase  of  W  and  W2N  were  observed.
Mechanical  study  shows  almost  stable  hardness  value  up  to  700 ◦C  temperature  and  beyond  that
temperature,  hardness  value  reduce  drastically,  due  to  transformation  of  W2N  phase  to  pure  W
phase. Our  preliminary  study  shows  that  these  ﬁlms  were  stable  up  to  <800 ◦C.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
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nhancing  the  service  life  of  a  component  by  the  depo-
ition  of  a  hard  coating  has  always  been  one  of  the
ain  goals  of  surface  engineering.  The  transition  metal
itrides  were  usually  considered  as  hard  protective  coat-
ng  due  to  their  supreme  performance  in  hardness,  wear
nd  corrosion  resistance  (Mohamed,  2008).  Among  all  the
etal  nitrides,  tungsten  nitride  is  widely  investigated
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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ecause  of  its  excellent  properties  like  high  melting  point,
igh  hardness,  and  chemical  inertness  and  good  ther-
al  stability  (Samano  et  al.,  2010;  Polcar  et  al.,  2008).
ue  to  these  exceptional  properties  tungsten  nitrides  has
ound  applications  in  various  ﬁelds  such  as  diffusion  bar-
iers  in  microelectronics,  as  electrodes  in  semiconductor
evices.
Wear  (oxidation,  corrosion,  etc.)  of  the  coated  compo-
ents  at  elevated  temperature  leads  to  degradation  of  the
aterial  properties  like  mechanical  properties,  catalytic
ctivities  owing  to  shorten  their  service  life.  It  is  being major  challenge  in  achieving  good  oxidation  resistance
nd  thermal  stability  of  metal  nitride  coated  components
t  elevated  temperatures  apart  from  ambient  temperature
Polcar  and  Cavaleiro,  2010;  Shen  et  al.,  2000).
icle under the CC BY-NC-ND license (http://creativecommons.org/
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Optimization  study  of  tungsten  nitride  such  as  the  par-
tial  pressure  of  nitrogen,  substrate  temperature  and  the
power  has  been  extensively  investigated  in  our  previous
work.  In  the  present  work  we  mainly  focus  on  the  most
feasible  mechanical  properties  of  WN  coatings  as  a  func-
tion  of  annealed  temperature  deposited  on  stainless  steel
substrates  by  reactive  magnetron  sputtering.
Experimental details
Thin  ﬁlm  of  tungsten  nitride  was  deposited  on  stainless
steel  substrate  using  radio  frequency  (RF)  magnetron  sput-
tering  technique;  Minilab  Deposition  System,  Model  ES60A,
Moorﬁeld,  in  high  vacuum.  The  substrates  were  cleaned
ultrasonically  before  deposition  in  order  to  avoid  any  con-
tamination.  The  working  pressure  during  the  sputtering
process  was  kept  constant  at  ∼6  m  bar.  Prior  to  deposition,
the  target  was  sputtered  cleaned  for  5  min.  The  substrate
temperature  and  power  were  kept  constant  as  150 ◦C  and
110  W  respectively,  the  deposition  was  carried  out  for  1  h
using  optimized  Ar:N2 pressure  as  20:5  sccm.  Above  sample
was  annealed  at  700 ◦C,  800 ◦C  and  850 ◦C  under  high  vacuum
condition  for  2  h.
The  structure  of  the  ﬁlms  were  analysed  by  X-ray
diffraction  using  D8  Advanced  in  GI  mode,  using  K
(  =  0.154  nm)  radiation.  The  chemical  composition  of  the
sample  was  obtained  using  energy-dispersive  X-ray  anal-
ysis  (EDAX)  attached  with  Scanning  electron  microscope.
Hardness  and  elastic  modulus  of  the  annealed  samples
were  obtained  using  UMIS  Nano-indentation  system,  Frisher
Cripps,  Australia  which  was  employed  with  a  Berkovich  dia-
mond  indenter  (face  angle  65.3◦)  of  tip  radius  ∼150  nm.
Results and  discussion
Structural  analysisX-ray  diffraction  (XRD)  pattern  of  as  deposited  WN  and
annealed  ﬁlms  up  to  850 ◦C  temperature  is  shown  in  Fig.  1.
The  as  deposited  tungsten  nitride  thin  ﬁlm  show  reﬂec-
tions  lines  from  (220),  (111),  (311),  (200)  hkl  planes  up
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Figure  1  XRD  pattern  of  W2N  ﬁlm  at  different  annealed  tem-
perature  (as  deposited  to  850 ◦C).
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cigure  2  EDAX  spectrum  of  W2N  ﬁlm  annealed  at  temperature
00 ◦C.
o  800 ◦C.  These  peaks  are  attributed  to  polycrystalline
ubic  W2N  phase  (ICDD  no.  25-1257)  (Wen  et  al.,  2010).
ith  increasing  annealing  temperature  up  to  700 ◦C,  the
eaks  corresponding  to  all  (hkl)  values  become  sharper  with
mproved  intensity  it  also  have  slightly  homogeneous  higher
ngle  shift.  This  shift  might  be  due  to  shrinking  of  unit  cell
lightly  on  heating  and  is  well  reported  in  literature  for  dif-
erent  systems.  Beyond  this  temperature  some  extra  peaks
ere  observed  at  800 ◦C,  these  peaks  were  assigned  to  cubic
 phase  (ICDD  no.  04-0806).  This  may  be  due  to  the  fact
hat,  with  increasing  annealing  temperature,  the  content
f  nitrogen  in  the  ﬁlm  tends  to  reduce,  which  is  also  con-
rmed  by  EDAX.  The  ﬁlm  is  stable  up  to  700 ◦C  exhibiting
ure  W2N  phase.  At  800 ◦C,  the  ﬁlm  showed  mixed  phase  of
 and  W2N.  Further  increasing  the  annealing  temperature
t  850 ◦C  shows  a  major  phase  of  W  with  a  minor  presence
f  W2N  phase  (Toth,  1971).
lemental  composition  analysis
he  presence  of  elements  in  the  ﬁlms  were  conﬁrmed  by
DAX.  The  typical  EDAX  spectrum  of  the  ﬁlm  annealed  at
00 ◦C  is  shown  in  Fig.  2. The  spectra  shows  presence  of
 and  N  in  the  ﬁlm.  The  spectra  of  Fe  and  O  are  mainly
ue  to  SS  substrate.  Low  intense  spectrum  of  N  reveals  less
ontents  of  N  at  800 ◦C  and  850 ◦C  ﬁlm.
echanical  properties  analysis
he  typical  load  vs  displacement  curves  of  as  deposited
—N  ﬁlms  at  different  annealed  temperatures  are  shown
n  Fig.  3.  The  indentation  curves  revealed  that  the  hard-
ess  and  elastic  modulus  values  are  almost  similar  for  as
eposited  and  700 ◦C  annealed  ﬁlms,  but  starts  decreasing
rom  800 ◦C  and  continues  for  850 ◦C  as  shown  in  Table  1.
s  conﬁrmed  by  XRD,  the  ﬁlm  is  having  sharper  and  higher
ntense  peak  at  700 ◦C.  So  this  can  be  attributed  to  the
act  that  the  ﬁlm  is  stable  at  this  temperature  having  W2N
hase.  Hardness  and  elastic  modulus  of  ﬁlm  are  21.28  GPa
nd  344  GPa  at  700 ◦C  respectively.  Beyond  700 ◦C,  hardness
nd  elastic  modulus  value  decreases  due  to  fact  that  the
rystalline  W2N  thin  ﬁlms  were  decomposed  to  W  with
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Figure  3  Load  vs  displacement  curves  of  W2N  ﬁlm  at  different
annealed  temperature  (as  deposited  to  850 ◦C).
Table  1  Values  of  hardness  and  elastic  modulus  of  the  sam-
ples at  various  temperature.
Annealing
temperature  (◦C)
Hardness
(GPa)
Elastic  modulus
(GPa)
As  deposited  21.73  346.78
700 21.28  344
800 16.60  270.0
850 14  189.38
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Sigure  4  Hardness  and  elastic  modulus  plot  of  W2N  ﬁlm  at
ifferent  annealed  temperature  (as  deposited  to  850 ◦C).
oss  of  interstitial  nitrogen  atoms  at  higher  temperature
Parreira  et  al.,  2006;  Fu  et  al.,  2006).  Mixed  phase  of  W  and
2N  were  obtained  at  800 ◦C  and  almost  a  complete  phase
f  W  with  minor  presence  of  W2N  phase  was  obtained  at
50 ◦C.  Due  to  the  phase  transformation,  hardness  and  elas-
ic  modulus  of  ﬁlms  reduced  from  16.60  GPa  and  270.0  GPa
t  800 ◦C  to  14  GPa  and  189.38  GPa  at  850 ◦C,  respectively.
T
WP.L.  Moharana  et  al.
 drastic  decrease  of  both  hardness  and  Young’s  modulus
ccurs  at  850 ◦C  due  to  phase  transformation  of  ﬁlm  from
2N  to  W.  The  highest  hardness  and  elastic  modulus  of
1.73  GPa  and  346.78  GPa  are  observed  at  as  deposited
oating  and  it  is  stable  up  to  700 ◦C.  The  comparative  plot
f  hardness  and  elastic  modulus  vs  annealed  temperatures
re  shown  in  Fig.  4.  Both  the  mechanical  properties  of  ﬁlm
ollows  same  trend  at  different  annealed  temperature.
onclusions
he  W2N  thin  ﬁlms  were  successfully  prepared  by  reactive
agnetron  sputtering.  The  ﬁlms  were  thermally  annealed
nder  high  vacuum  at  different  temperature  (700—850 ◦C)
or  2  h  each.  XRD  data  conﬁrmed  the  phase  transformation
f  W2N  ﬁlms  with  annealing  temperature.  The  ﬁlm  showed
ormation  of  polycrystalline  cubic  W2N  phase  and  stable  up
o  700 ◦C  annealed  temperature.  Beyond  this  temperature,
lm  starts  to  decompose  towards  pure  W  phase  by  loosing
nterstitial  nitrogen  atoms.  At  800 ◦C,  a  mixed  phase  of  W
nd  W2N  was  observed  which  further  transformed  to  almost
ure  W  with  minor  presence  of  W2N  phase  at  850 ◦C.  The
ame  was  also  conﬁrmed  by  EDAX.  Nanoindentation  con-
rmed  the  mechanical  properties.  High  hardness  and  elastic
odulus  was  obtained  for  as  deposited  and  700 ◦C.  It  can  be
oncluded  to  be  the  best  suited  hardness  and  elastic  modu-
us  value  for  applications  related  to  industries  and  also  for
arious  coating  applications.
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